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The Biological Services Program was established wiihin the US. Fish 
anu Wildlife Service to supply scientific information and methodologies on 
key environmental issues which have an impact on fish and wildlife re- 
sources and their supporting ecosystems. The mission of the Program is as 
foliows: 


1. To strengthen the Fish and Wildlife Service in its role as a primary 
source of information on natural fish and wildlife resources, par- 
ticularly with respect to environmental impact assessment. 


2. To gather, analyze, and present information that will aid decision- 
makers in the identification and resolution of problems associated 
with major land and water use changes. 


3. To pi wide better ecological information and « ation for Depart- 
ment of the Interior development programs, is those relating 
to energy development 


Information developed by the Biological Services Program is intended 
for use in the planning and decisionmaking process to prevent or minimize 
the impact of development on fish and wildlife. Biological Services research 
activities and technical assistance services are based On an analysis of the 
issues, the decisionmakers involved and their information needs, and an 
evaluation of the state-oi-the-art to identify information gaps and determine 
priorities. This is a strategy to assure that the products produced and dis- 
seminated will be timely and useful 


Biological Services projects have been initiated in the following areas 
Coal extraction and conversion 


Power plants 


Geothermal mineral and O1 shale development 


Water resource analysis, including stream alterations and western 
water allocation 
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INTRODUCTION 


This report represents the principal effort of Phase II of the U. S. 
Fish and Wildlife Service's (FWS) involvement with the development of the 
Reach File. The Reach File is a computerized catalog based on the 
hydrological features of the United States and is designed to organize and 
analyze water resources data. The project was initiated by the U. S. 
Environmental Protection Agency (EPA). 


The objective of Phase II was to design a standardized statement 
classifying the type and quality of fisheries in reaches cataloged by the 
File, fisheries type is determined in this document by the species present, 
relative fish abundance, habitat categorization, and other parameters. 
Reproductive capabilities and capacity, diversity of the fishery, and degree 
of contamination reflect quality in the proposed system. The system 
proposed in this document was independently reviewed by prospective users in 
the FWS, EPA, and other organizations. Their concerns were jointly reviewed 
at a technical review session which critiqued a draft version and solicited 
juidance for the preferred approach described in this document. (Appendix A 
gives a summary of the comments received; Figure 1 is a map of the 
geographical distribution of the respondents. ) 


The purpose of the Reach File is to provide interpreted information 
related to water quality, toxic substances, flows, fisheries, and aquatic 
life for over 60,000 stream reaches throughout the United States. The File 
also will cross-reference and facilitate access to extensive water data 
Storage and retrieval systems such as EPA's STORET and the U. S. Geological 
Survey's (USGS) WATSTORE. The File will improve the ability of Federal, 
State, and local decisionmakers to retrieve water related information on a 
Specific stream reach to assess existing and potential impacts or monitor 
the results of water pollution contro! or water resource development 
activities. Because it 1S national in scope and computerized, the Reach 
File will be capable of performing extensive assessments of existing 


Th 


conditions, trends, and program impacts concerning aquatic resources. hese 
capabilities are a central focus of the File because of EPA's Congressional] 
mandate to prepare overviews of the nation's water quality and the effects 
of EPA programs. The File input will be used to determine if the chemical, 
physical, and biological integrity of the nation's waters has been restored 
and maintained. This is an objective of PL 92-500, the Federal Water 
Pollution Control Act of 1972. 
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REVIEW OF LOTIC CLASSIFICATION LITERATURE 


The system developed in this report has as its primary purpose the 
evaluation of the fisheries of lotic environments. With this purpose in 
mind, the lotic classification literature surveyed can be categorized as 
Shown below in Figure 2. 


Lotic Classification | iterature 


~~ 


Descriptive Evaluative 
physical chemical biological fisheries unrelated to 
parameters parameters parameters relatec fisher .es 


Figure 2. Categories of lotic classification literature. 


DESCRIPTIVE 


Many of the classification systems which have been developed have as 
their purpose describing the lotic ecosystem and grouping similar waters in 
order to gain insight into natural processes. These systems describe or 
group using a variety of parameters--physical, chemical, or biological. One 
of the early systems based on a physical parameter was that of stream order 
developed by Horton (1945) and later modified by Strahler (1957). In the 
modified version the smaller fingertip tributaries (usually restrictec to 
those with a permanent flow) are designated Order 1; where two first order 
Streams meet, a second order stream is formed; two Order 2 streams form an 
Order 3, and so forth. Cummins (1975) categorized streams into three groups 
based on stream orders (1-3, 4-6, and 7-12); a variety of characteristics 
were associated with each group. (See Appendix B for synopses of these and 
other classification systems.) Other systems primarily using physical 
parameters to describe the lotic system include Rabe and Savage (1977), 
Cowardin et al. (1979), Platts (1979a), and Terre!] et al. (1980). 








Systems have also been designed to describe the lotic environment using 
biological parameters. For example, several systems, mostly European, have 
been developed dividing the river into zones based on the typical fish 
species (for discussion see Illies and Botosaneanu 1963; Hynes 1970; Hawkes 
1975). One such system designed for Maryland streams by Van Deusen (1953) 
divides the streams into 11 classes ranging from a “dace trickle" in the 
mountains to a “tidal stream" entering the ocean. Knight and Gaufin (1967) 
based their classificution of streams on the longitudinal distribution of 
species of stoneflies. Still other systems employ a combination of 
physical, chemical, and biological parameters. Zhukinskiy et al. (1976) 
proposed a system in which extensive biological information is gathered 
along with a large amount of nonbiological data. This information includes 
data on biomass, number of species, total abundance, and primary production 
of the phytoplankton, phytomicrobenthos [sic], and macrophytes. Also, 
Similar information on the macrozoobenthos and bacteria is included. 


These systems were designed to describe (not evaluate) lotic 
environments, and were generaily designed for unpolluted waters. Often such 
systems would not reflect perturbations caused by an influx of pollution 
(e.g., those based on order, gradient, substrate). EPA (1980) found that 
Surrogate measures of biological integrity (i.e., physical or chemical 
analyses of the water column) often were inconsistent with biological data. 
Some systems also are to be used primarily for lower order streams or 
Specialized areas of the country (e.g., Pennak 1971; Rabe and Savage 1977; 
Platts 1979a). Consequently, because most of these systems will not give a 
valid indication of the status of the fisheries and they are descriptive, 
they could not easily be modified to an evaluative system. These systems 
did, however, lend insight into important considerations in describing lotic 
ecosystems; hence many of those parameters considered important in 
determining habitat and affecting fish species have been included in the 
descriptive section of the Fishery Statement. 


EVALUATIVE 


Among those systems which result in a score to categorize the stream or 
river, two were found which evaluate using hydrologic factors (Pfankuch 
1975; USDA Forest Service n.d.). These two systems, developed for use by 
the U.S. Forest Service, were designed to reflect changes in the hydrology 
and sediment stability. Pfankuch (1975) scored stream channels on 15 
factors ranging from gradient to the percentage of scouring and deposition 
to determine channel! erosion potential, resistance to streamflow forces, and 
Capacity to adjust to and recover from changes in discharge or sediment 
production. Those streams receiving the lowest score were said to be most 
Stable. The proposed classification of the Water System Corridor (USDA 
Forest Service n.d.) divided the aquatic zone into three major types and 
seven subtypes based on eight hydrologic factors. Scores were assigned to 
ranges for each factor, these numbers were then summed to determine the 
Stream type and subtype classification. 





The systems which proved most useful in devising the evaluative part of the 
Fishery Statement were those directly evaluating fisheries. All of the 
Systems found evaluate primarily the sport fishery. The first such systems 
were developed and used by individual States. Four of the State 
classification systems identified and analyzed (Stream Classification 
Committee 1965; Idaho Fish and Game Department 1968; Bailey et al. 19/74; 
Wyoming Game and Fish Commission 197/) were generally based on four factors: 
aesthetics, availability, use, and productivity. The system for Wyoming 
does not include use; the Idaho system includes stream size in addition to 
the other four factors. The highest rating that can be obtained is for high 
trout production waters of nationwide importance. 


Though these systems evaluate fishery resources, a bias exists towards 
the value of a salmonid fishery over any other sport fish species. The 
optimum rating is given to trout production streams which would not be 
applicable on a nationwide basis. Other than Idaho Fish and Game Department 
(1968) these systems do not take into account the value of a stream reach 
due to the presence of excellent spawning habitat, anadromous species, or 
threatened and endangered species. There also is an emphasis on 
Socioeconomic values (aesthetics, use, and accessibility). Although 
socioeconomic factors are not ignored in the proposed system, the purpose of 
the Fishery Statement is to evaluate the biotic component of the fishery 
resource value. However, these maps did promote the concept of rating 
Streams with set criteria on the basis of the sport fishery. 


The system designed by Michigan (Anonymous 1967) divides streams into 
type and quality as follows: 


Trout stream Wwarmwater stream 
top quality top quality 
mainstream mainstreal 
feeder stream feeder stream 
second quality second quality 
mainstream mainstream 
feeder streain feeder strear 


These designations are based on stream size, ease with which the stream car 
be fished, and fish populations. Streams or rivers with sianificant 
populations of anadromous fish are designated. Consideration is also giver 
to the fluctuation of stream subclasses, stream zone development, and 
impoundments. Though this system could be used for both warnwater and 
coldwater fisher*es, there is an emphasis on recreational fishing. 


An attempt to determine the streams of national significance for fist 
and wildlife was depicted in a map developed by the U.S. Water Resources 
Council (1977). Streams were coded using seven criteria: (1!) nationally 
important sport fishery--drawing significant numbers of nonresident 
fishermen; (2) producing an anadromous fish resource which provides a 
fishery significant to the nation for its commercial and sport values in the 


} ] / 


j ° ° 
sea; (3) producing a nationally important commercial fishery in inland 











streams; (4) supporting endangered or threatened species protected by the 
Federal Endangered Species Act, 1973, and five species proposed for 
endangered status; (5) enacted Federal Wild and Scenic Rivers; 

(6) officially proposed Federal Wild and Scenic Rivers; and (7) riverine 
habitat within the National Wildlife Refuge Systems. 


The first criterion, rating a stream on the basis of the number of 
nonresident fishermen, is a function of stream accessibility and reputation, | 
not necessarily a function of the fishery resource. Many streams were 
found to change status at State borders, and some States had few or no 
streams designated. The second and fourth criteria were evaluated on a 
macroscale. Thus, large areas of the map, especially coastal areas, were ’ 
coded for these criteria even though existing local stream conditions 
may not warrant the coding. Also, the map does not distinguish between 
unmarked streams which were not found to be nationally significant and 
streams which simply were not evaluated. The map dic, however, establish 
the concept of evaluating streams on a nationwide basis for a number of 
criteria and displaying the result for each criterion. 





A series of Stream Evaluation Maps have been published by the U. S. 
Fish and Wildlife Service (U. S. Fish and Wildlife Service 1978a-j, 1979, 
1980c) which evaluate streams in 10 western states. Permanent streams, 
their tributaries, those streams protected by or proposed for protection 
under the Wild and Scenic Rivers Act, and those intermittent streams 
considered necessary for the sustenance of a highly valued fishery were 
evaluated. Streams were placed into one of four value classes@ (Class I— 
Class IV). Class I was a highest valued fishery resource while Class IV 
was a limited fishery. The criteria used to classify were (1) occurrence 
of State or Federal endangered species; (2) occurrence of State or Federa | 
threatened species; (3) species of high interest to the State; and 
(4) habitat restoration, reclamation, or mitigation potential. 


For each criterion, subcriteria were specified for each value class. 
Thus, each stream reach was assigned a value class for each criterion. The 
final value classification assigned to the stream reach was determined by 
the highest rating given in Criteria 1 through 3. Criterion 4 was used 
only in a few instances to adjust the overall evaluativns. The Stream 
Evaluation Maps provided one overall classification for each stream rated, 
introduced the concept of fishery improvement potential as an adjustment 
rating criterion, and rated all permanent and many intermittent streams. 


Users of the Stream Evaluation Maps were surveyed for their comments 
and criticisms; Short (1981) gives the results. The most common 
recommendation concerning the information in the map legend was to include 
the criteria used to rate each stream reach so that the user would know 
how each reach scored for each criterion. Another recommendation was to 





") 
“The Utah map included Class V--unsurveyed stream reach. 
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PROPOSED FISHERY STATEMENT 


As previously stated, the Reach File is a catalog of hydrological 
features of the United States. To classify reach fisheries with regards to 
the type and quality of its biological components, a system is proposed in 
the following paragraphs which organizes and maintains a Fishery Statement 
for each cataloged reach. The system does not attempt to address the value 
of a reach fishery resulting from recreational or other uses; rather, it 
attempts to classify the biological importance of a reach based on the fish 
Species present and their relative productivity. 


The Fishery Statement is composed of two major divisions: (1) an 
evaluative section with ranking criteria for the sport fishery and other 
fishery considerations such as the presence of anadromous fish, commercially 
harvested fish, threatened and endangered fish species, and fish species of 
special concern; and (2) a descriptor section containing additional 
information specific to the evaluative criteria and data for biological, 
chemical, and physical descriptors of the reach. Figure 3 is an overview of 
the components of the Fishery Statement. 


It is intended that this system be flexible so that users can retrieve 
those parts of the statement in which they are interested. For example, 
information on all reaches of a given stream order can be retrieved or only 
reacnes in a certain geographical area. Also, reaches may be recalled that 
are listed as meeting a particular criterion of interest to the user. In 
this way, greater amounts of information about each reach can be stored 
without necessitating each user to sort through the entire data base. 


The Fishery Statement is presented here in the conceptual phase; it has 
not been tested on a wide scale. Detailed testing will be performed in the 
next stage of Phase II. Without extensive testing, it is difficult at this 
point to determine the sensitivity or equitability of the system. Testing 
Should elucidate whether or not the system can determine trends in a given 
reach and reflect accurate comparisons among reaches. Additional fine-tuning 
and modification are anticipated before the Fishery Statement becomes a 
full-scale component of the Reach File. 


To evaluate the ‘type and quaiity of reach fisheries various options are 
evident: all fish species can be evaluated or various subsets thereof. 
Though the best option from a biological viewpoint is to use all fish 
Species, consideration of this option is precluded by the availability of 
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VALUATIVE SECTION 


Sport Fishery Other Fishery Considerations 








Reproduction 

Productivity 

Number of sport species 
Spawning or nursery habitat 


Anadromous species 
Commercially harvested species 
Threatened and endangered species 


Species of special concern 
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DESCRIPTIVE SECTION 
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data. Most fishery studies focus on species of interest to scientists, 
managers, and the general public; therefore, the greatest amount of data are 
collected on sport fish, anadromous fish, commercial fish, threatened and 
endangered fish, and various species or collections of species of particular 
concern for preservation and management. The evaluative scheme as presented 
requires a certain amount of subjectivity on the part of the biologist who 
will rate individual reach fisheries. Forcing decisions about segments of 
the fishery that are seldom studied and poorly known adds greatly to the 
biases and inaccuracies of the system. Consequently, though other species 
add to the value of the fishery and influence its quality, the focus of the 
Fishery Statement is on sport fish, anadromous fish, commercial fish, 
threatened and endangered fish, and fish species of special concern. 


In evaluating a reach fishery, the existence of any of the 
above-mentioned types of fish may determine an important fishery; a 
combination of several types is not really necessary. Additionally, where 
a fishery is made up of more than one of these important types, equitable 
assessment on a broad scale becomes more difficult. It is not feasible to 
differentiate the increasing degrees of importance of a multi-component 
fishery because of the incomparability of these various fishery types. As 
a result, the evaluative section of the Fishery Statement will be designed 
to assess each component of a fishery (sport, anadromous, commercial, 
threatened and endangereu, special concern) separately. An evaluation of 
the resident sport fishery will be made in all cases; the reach will then be 
appraised for its importance on the basis of the “other considerations." 

A reach may have a low-rated sport fishery but be considered important 
because of the seasonal presence of anadromous fish, for instance. The 
Reach File will maintain separate stores of information for conditions which 
led to the reach evaluation and a mapping scheme will be devised so that all 
of the assessment results can be displayed graphically. No attempt will be 
made, however, to categorically state the relative value of the important 
components of a reach fishery. Information on each of them will be 
available to a system user so that a different evaiuation based on a single 
component or particular combination is possible. 


PROPOSED EVALUATIVE SECTION 
Cri t eri a 


The evaluative section is divided into two categories concerning the 
Sport fishery and other fishery considerations of a reach. Criteria for the 
Sport fishery deal with reproduction, productivity, number of sport species, 
Spawning or nursery habitat, and contamination. Other fishery considerations 
concern the actual presence or habitat of anadromous fish, threatened and 
endangered fish, and fish species of special concern. Table | iS a Summary 
of the criteria and their probable sources of information. Most of these 
criteria have been proposed and used in some form in other aquatic 
classification systems, particularly those of the Stream Classification 
Committee (1965), Idaho Fish and Game Department (1963), Bailey et al. 
(1974), U. S. Water Resources Council (1977), Wyoming Game and Fish 
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Obviously, fishery science includes techniques for assessing fish 
populations which are more critical and informative than the simple 
classification shown above. For instance, population estimates from 
depletion sampling or mark and recapture methods have been used for some 
time. However, the Fishery Statement is limited, at this stage of the 
Reach File development to using existing data. While population estimates 
of various types are available for many stream segments, the Fishery 
Statement must be designed for nationwide application to reaches where such 
estimates have not been made. 


The dominant sport fish population is further evaluated according to 
its productivity. The productivity of the dominant species should reflect 
the overall productivity of the entire sport fishery because the energy 
flow within the group is largely controlled by the dominant species (Odum 
1971). Regardless, the error implicit in this assumption is minimized by 
the additional consideration given to fisheries with other sport species 
besides the dominants. Also, the assessment is fairly cursory requiring 
classification of productivity only as high, moderate, or low which allows 
for some interpretation and modification by the rating biologist. Again, 
fishery science has other, more critical methods for assessing fish 
productivity but information availability for the range of reaches preclude 
their use in the present systeni. 


One of the difficulties in the productivity assessment is establishing 
a Standard for comparison for the reach in question. Without a comparison, 
a productivity declaration for a single reach is meaningless because the 
range of an absolute value such as pounds produced per acre of stream 
surface area has not been determined for the wide variety of ecological 
factors affecting reach fisheries. A possible alternative is to compare 
the productivity of the existing reach to supposed pristine conditions, 
those occurring before man's presence and subsequent influence. The obvious 
problem is that pristine conditions are unknown quantities (National 
Commission on Water Quality 1976). It is difficult or impossible to predict 
what fish productivity may have occurred before man's presence; some 
populations may in fact have been less productive than those presently 
existing. This uncertainty would produce a meaningless comparison. 


Another alternative is to compare the sport fish productivity of the 
reach to a supposed ultimate, "best case" situation. Given unlimited 
resources, a reach obviously could be improved to be more productive. 
However, the probable extent of the improvement actions and the productivity 
to be expected are difficult quantities to estimate. The feasibility and 
practicality of the modifications required to establish an “ultimate 
fishery" must be taken into consideration to produce a reasonable standard 


for comparison. Since the probability of implementation and the expected 
outcome of possible modifications are uncertain, the comparison becomes 
nighly subjective and consequently unsuitable. 

Tne next alternative is the most feasible of those mentioned for 


plementation within this system as it is currently designed. Productivity 




















of the dominant sport fish in the reach in question will be compared to a 
regional standard, selected by the rating biologist, which has the supposed 
highest productivity of the same dominant species within the region. 
Because of the need for similarity among the compared reaches, it is 
reconmended that the regions be confined to the 222 subregions as described 
by the U. S. Water Resources Council (1979). Further, the compared reaches 
Should be of the same stream order or at least within the same groupings 
proposed by Cummins (1975); i.e., orders one through three, four through 
Six, and seven through twelve. Assessment of productivity will be, as 
Stated, in three categories, high, moderate, or low as compared to the 
regional standard. This assessment is obviously subjective and will not 
report as much information about the reach as may be desired. However, 

the productivity of a sport fishery is a strong determinant of its quality 
and the assessment may be improved by future data collection. 


Additional factors for evaluating the sport fishery include the number 
of sport species inhabiting the reach and the use of tne reach as spawning 
or nursery habitat by seasonally present sport species. The rating 
biologist will be asked to supply a list of all sport species considered 
residents of the reach. Seasonally present sport species do not include 
anadromous fish which are covered in a later category but rather those sport 
fish which migrate, for instance, from reservoirs up into flowing streams 
to spawn. Reaches used in this fashion are essential to the sustenance of 
these species and consequently receive greater consideration. 

Another evaluation factor deals with contamination of sport fish from 
the reach. Though fish may be present in sufficient quantities to support 
@ sport fishery, pollutants such as heavy metals (e€.9., mercury, cadmium) 
or pesticides (e.g., mirex, DDT) may limit or prevent consumption of the 
fish from these waters. Contamination may be such that a government agency 
recommends no human consumption of fish from the reach, or tne agency may 
recommend human consumption on a limited basis (a certain number of pounds 
of fish per month or meals per week as recommended maxima). for example, 
the New York State Department of Health recommends that individuals eat no 
more than one meal (1/2 pound) per week of fish from any water in che State 
(New York State Department of Environmental Conservation 1979). Also it 
is possible that, while contamination of the fish is not at a critical level, 
the flesh may be tainted to the extent that only limited consumption is 
occurring even though no official limitations have been recommended. This 
occurrence also deserves consideration. 


The second category of the evaluative section includes other 
considerations important in assessing the value of a reach fishery. The 
first criterion in this category concerns anadromous fish species such as 


and subsistence fisheries they provide in several areas of the country. 
Despite the fact that soi of the species are also sport fish, this criterion 
1S kept separate from th ort fishery evaluation because of their intrinsic: 
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Table 3. Point scoring for the sport fishery. 
Factor Score 

Mostly self-sustaining population: 

high relative production 16 

moderate relative production 12 

low relative production 8 
Infrequently hatchery supported population: 

nigh relative production 14 

moderate relative production 10 

low relative production 6 
Frequently hatchery supported population: 

high relative production 12 

moderate relative production 8 

low relative production 
Insignificant sport fishery® | 
Two or three additional sport fish species | 
Four or more additional sport fish species 2 
Spawning or nursery habitat for seasonally present species | 
No fish contamination or tainting, or information unknown 0 
Flesh tainted, consumption limited -| 
Contamination present, limited consumption recommended -2 
Contamination present, no consumption recommended -3 
Maximum Total 19 


es not score for additional sport fish species. 











added. If the sport fish are contaminated and no human consumption is 
recommended, three points are subtracted from the score. If contamination 
is occurring and limited consumption is recommended, two points are 
Subtracted. If fish flesh is tainted and consumption is thereby limited, 
one point is subtracted. If no contamination or tainting is occurring or 
the information is unknown, the sport fishery score is not adjusted. 


Responses to each of the sport fishery Criteria are determined 
individually; the points attributed to the responses are totalled to produce 
an overall rating for the sport fishery of the reach. Table 4 depicts the 
sport fishery classification for eacii of the scoring categories. 


Table 4. Sport fishery classification by reach score category. 








Reach Sport fishery 
score classification 
14 - 19 Outstanding 
10 - 13 Good 

6- 9 Fair 

2- § Poor 
-2- | Very poor 








—— 


As stated previously, if there is a positive response concerning the 
presence of anadromous fish, commercial fish, threatened and endangered fish 
species, or fish species of special concern (or their critical habitats), 
the fishery resource classification is immediately ‘Important’. No attempt 
is made to break down these criteria as was done for the sport fishery 
because the mere existence of this type of fishery resource makes a reach 
important. The Reach File will maintain separate stores of information 
for the responses to each criterion that led to a particular classification. 
For instance, the File will list the score and classification for the sport 
fishery and, if the reach is important under the other considerations, the 
criteria and ‘esponses will be displayed. In this manner, a system user 
will always be aware of the individual components of the reach fishery that 
produced the classification. 


Confidence Rating 


Along with the classification of the fishery resource, a confidence 
rating is determined to aid the system user in assessing the degree of 
reliance to place in the evaluation. The confidence rating is actually 
done at each step in the classification procedure. As responses to the 
criteria are determined, a numerical assessnent of the relative confidence 


ly 











in the info-nation used for the score determination is assigned. Confidence 
ratings are based on the fol lowing: 


@® quantitative documentation--scores four points; 
@ qualitative documentation--scores three points; and 
@ undocumented, professional opinion; 
--where professional is familiar with the reach--scores two points 
--where professional is familiar only with the general area-- 
Scores one point. 


Quantitative documentation requires accessible, numerical data from 
fishery surveys conducted in the reach. Quantitative data include species 
presence and abundance, population and productivity estimates, biomass 
estimates, nest or redd counts, contamination levels, and river miles 
designated as critical habitat or present range of important species. 
Jualitative documentation indicates that interpreted information devices 
were used to determine responses to the criteria. Qualitative documentation 
includes maps or descriptive reports of the reach or area in general. If 
the interpretive reports were prepared from numerical data which is still 
available, the confidence rating is quantitative. Undocumented, 
professional opinion means that professionals familiar with the reach or 
area in question completed the assessment on the basis of their expertise. 
Professionals familiar with the reach must have been involved in sampling 
or interpretation of sample data from the reach. Professionals familiar 
with the area have not directly sampled the reach but their management 
jurisdiction includes the reach. 

A confidence rating for a reach is calculated separately from the reach 
evaluation. The confidence ratings are summed for each criterion, then 
divided by the number of criteria to determine an average confidence rating 
for the reach information (Table 5). 


Table 5 Confidence rating scores and 


classification for a reach evaluation. 








score Rating 

3.1-4.0 High confidence 
2.1-3.90 Medium confidence 
1.0-2.0 Low confidence 


the criteria will have generally lower confidence ratings than 
of reach productivity. However, this rating 


rs, @.g9., tne asse ent 
creased in States with stream classification systems that evaluate 
ictivity or that collect productivity data. Other criteria wil] 








have higher confidence ratings, e.g., endangered species habit 

usually designated by State or Federal authorities. The individual 
confidence ratings for each criterion, and the average, will be retaink 
by the Reach File. Figure 4 depicts a sample calculation of a: 
evaluation and confidence ratina for the Ogeechee River near Eden, 


FISHERY IMPROVEMENT POTENTIAL 


After a reach is evaluated for existing conditions, an assessment 


the potential for improving the fishery may be desirable. This assesswent 
would attempt to indicate how close a reach is to producing its “best 
possible" fishery and what constraints are currently limiting the fis! 


The obvious difficulty in the assessment is determining what the "best 
possible" fishery is and establishing a workable standard for comparison. 

A similar problem was discussed earlier in setting a standard for compa) 

in productivity assessments. The solution proposed for the earlier problem, 
to use a regional standard reach, also wii! be used here. The sai ta | 
reach utilized for the productivity assessment will be evaluated under each 
of the criteria presented in the Evaluative Section for the sport fishery. 
The sport fishery score of the standard reach will be compared to the scores 
of all reaches of similar stream order in the sub-egion to infer imprevement 
potential. 


One of the shortcomings of this assessment is that the absolute 
improvement potential of the reaches may not be reflected by the comparis 
if the standard reach is not at or near its greatest potential. Ir 
response, the rating biologist will be asked for a subjective assessment 
of the improvement potential of the regional standard reach. This 
assessment will be based on the sport fishery criteria (i.e., could spor’ 
fish productivity be increased from moderate to high) given that basic lan 
use patterns will not be changed and major alterations of aquatic habitat 
such as large dams will not be removed to improve the reach fishery. The 
biologist’s assessment will be used to modify, where necessary, the numer 
Score of the regional standard. 


scoring for the improvement potential could be as a percentage of the 
regional standard or the total point spread from the regional standard 
Regardiess of the form, the improvement potential score should be maint 


and reported separately from the existing conditions score. In thi 

a system user can independently generate both pieces of information. n 
addition, the rating biologist will be asked to identify, where possible, 
the probable causes or limiting factors of a reach fishery. Various 
categories such as point source pollutant, non-point source pollutan 
physical barrier, lack of cover, and overuse will be suagested 1 


’ 
Selection. Limiting factors will cover the sport fishery and ot! 
considerations as well, With this information, a YS TE ser 
where the improvement potentials are greatest and wh 
olvable ° 

















OGEECHEE RIVER NEAR EDEN, GEORGIA 
USGS NUMBER -- 02202500 
LATITUDE -- 32° 11° 29” 
LONGITUDE -- 81° 24° 58" 
UPPER BOUNDARY -- 32° 30' X 81° 25' 
LOWER BOUNDARY -- 32° 10° X 81° 25° 
LENGTH -- 20 MILES 


CRITERION SCORE 


SPORT FISHERY (DOMINANT SPECIES -- MICROPTERUS SALMOIDES) 
MOSTLY SELF-SUSTAINING: HIGH RELATIVE PRODUCTIVITY 16 
FOUR OR MORE SPORT SPECIES 9 
SPAWNING OR NURSERY HABITAT 7 
NO CONTAMINATION OR TAINTING 0 


ANADROMOUS FISHERY? YES 
(MORONE SAXATILIS) 


COMMERCIALLY HARVESTED SPECIES? NO 


THREATENED OR ENDANGERED SPECIES OR SPECIES OF 
SPECIAL CONCERN? YES 
(ACIPENSER BREVIROSTRUM) 


CONFIDENCE -- MFDIUM (2.1) 
RATING: 


OUTSTANDING SPORT FISHERY -- 18 
IMPORTANT FISHERY -- ANADROMOUS FISHERY; ENDANGERED SPECIES 


CONFIDENCE 


— — 9 Ie 





Figure 4, Example of computer printout for evaluative portion 
of Fishery Statement--Ogeechee River near Eden, Georgia. 


22. 














PROPOSED DESCRIPTIVE SECTION 


A descriptor section is provided along with the evaluative part of the 
Statement. The objectives of this section are (1) to provide and identify 
the data upon which the reach was ranked; and (2) to provide additional 
information about the river reach. The descriptor section will give an idea 
of the basis of the rating received by a particular river reach. When the 
Status of a river reach changes these changes also will be reflected in the 
descriptors in addition to the overall score from the evaluative section. 


It is recognized that this descriptor secticn is not all-inclusive; 
there are other descriptors which could be included. This section was 
designed to be flexible and descriptors can be added, changed or deleted as 
needed. These data will not be available for all reaches; however, for 
those reaches which have these data available, a place has been provided in 
the descriptor section. As additional data become available they can be 
included. In some circumstances, STORET, which is given as the probable 
Source of data, will not have information. Data may then be obtained from 
other sources such as State fish and game agencies, EPA, FWS, or 
publications by a variety of organizations. Cross-references to other raw 
data bases such as U. S. Geological Survey's WATSTORE will also be provided. 


The intention is not to facilitate the use of only existing descriptors 
before making major decisions about the fate of the reach. Users should 
remember that the usefulness of these data is only as gocd as the data 
themselves. Most of the descriptors included are highly variable over time 
and with sampling technique. Different techniques undoubtedly will be used; 
accuracy and precision will differ. In several instances an average of the 
parameter will be given, although obviously organisms do not experience 
averages. Because of these factors, the descriptors, for the most part, 
must be interpreted and will only indicate the conditions of the stream or 
river. Many of the descriptors are interrelated and hence should be 
analyzed together. 


Table 6 is a list of the descriptors to be included and probable 
information sources. Because data availability will vary among reaches, 
the number of samples used to obtain averages and the range of values should 
be given, wherever possible. 


Many States have their own system to classify or evaluate their 
fisheries; several of these were discussed earlier in this repcrt. The 
information given should include both the numerical evaluation (if listed) 
and a verbal interpretation. 


As a general descriptor of the fishery one of the following categories 
will be chosen for the reach: warnwater fishery, coolwater fishery, or 
coldwater fishery. These descriptors will immediately convey information 
to a fisheries biologist about the reach with regards to the tenperature 
regime, possible fish species present, and other factors. 

















Table 6. Descriptors and probable sources of information. 








Descriptor 


Source of information 





State classification 


3eneral descriptor (warn, 
cool, coldwater) 


Sport fish species present 


Stocking 
species 
Stage of development 
frequency 


Habitat 
Stream permanence 
Stream order 
elevation 
gradient 


substrate 


Ww atn 
depth 
velocity 


f low 
annual maximum-minimum 


average Jan-Mar, Apr-Jun, 


July-Sept, Oct-Dec 
pool-riffle ratio 


temperature 
annual maximum-eminimum 
duration $4°C 
duration 222°C 

total dissolved solids 

turbidity 

alkalinity 

DH 


dissolved oxygen 





State agency 
State fish and game agencies 


State fish and game agencies 


Stocking agency 


U. S. Geological Survey 
U. S. Geological Survey 
Reach File 
Reach File 


STORET: sediment, particle size class 
(80250-80256) 4 


STORET: stream width (00004) 
STORET: depth of stream, mean (00064) 
STORET: velocity of discharge (81380) 
STORET: flow, stream (00061) 





State fish and game agencies 
STORET: temperature, °C (00010) 


STORET: solids, dissolved (70301) 
STORET: turbidity (00070) 

STORET: alkalinity, total (00410) 
STORET: pH (standard units) (00400) 
STORET: DO, saturation percent (00301) 


Continued 


mn 
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Table 6 (Concluded). 





Descriptor 





macroinvertebrates 
number of species 


Shannon-Weaver diversity 
index 
Standing crop 
Seasonally present species 


Pollutant causing consumption 
limitation 


Wetlands 
length of reach bordered 
area of wetlands 


Aquatic threatened and 
endangered species (nonfish) 


Aquatic species of special 
concern (nonfish) 


Other considerations 
Federal 


Wild and Scenic River 
length 


Important Resource Problem 
Zone 
Species of concern 
lengths of reach covered 


National Fish and Wildlife 
Re fuge 
name 
length 


State 
Scenic River? 





ASTORET reference number. 


OApproximately one-half of the States have systems analogous to the Nationa 


Wild and Scenic River System. 


Source of information 


STORET: number of species, 
macroinvertebrates (61458) 

STORET: diversity index, 
Shannon-wWeaver (61453) 


State fish and game agencies 
State fish and game agencies 
State water pollution control agencies 


USFWS — National Wetlands Inventory. 
individua! states 


USFWS — Office of Endangered Species 


Individual States 


Department of the Interior— 
Heritage Conservation and 
Recreation Service 


U. S. Fish and Wildlife Service 


U. S. Fish and Wildlife Service 


Individual States 


| 














The sport fish species which inhabit the river reach are listed because 
they are the key element in the evaluative portion of the classification 
System. The dominant fish species used in the evaluation of the reach will 
be indicated in the printout for the evaluative section. The stocking of 
hatchery fish is used as part of an evaluative criterion, therefore this 
information is included in the descriptive section. The following 
information is included if the river reach is stocked or if stocked fish 
are caught from the reach: species of fish stocked, stage of development 
(fingerlings, fry, subcatchables, or catchables), and frequency of stocking. 
Such information, obtained from the stocking agency, indicates the effort of 
the stocking agency in maintaining the level of the fishery. 


A variety of factors have been included under "habitat." These factors 
are important determinates of habitat and hence the biotic community. Many 
of the data are stored in and available from STORET. 


The first consideration under the heading “habitat” is stream 
permanence. Pennak (1971, 1978), Rabe and Savage (1977), Cowardin et al. 
(1979), and Terrell et al. (1980) all include this factor in their 
classification schemes. Stream permanence is of significance especially in 
the arid west where some streams are dry during part or most of the year. 
The degree of permanence will affect the establishment of a resident fishery 
and can affect a migratory fishery. 


Stream order is included because it is widely used and understood by 
both biologists and nonbiologists. Stream order has also been correlated 
with the number and diversity of fish species (Kuehne 1962, 1966; Harrel 
et al. 1967; Platts 1979a) and with th2 community structure of benthic 
macroinvertebrates (Harrel and Dorris 1968). Cummins (1975) found a variety 
of physical and biological characteristics associated with stream order such 
aS primary production and the importance of terrestrial organic input. 
Several other classification systems incorporate stream order (Carleton 
et al. 1976; Rabe and Savage 1977; Warren 1979). In addition, Prosser (1978) 
lists stream order as data needed to manage fisheries. Vannote et ai. (1980) 
in the "River Continuum Concept" related stream order to the ratio between 
gross primary productivity and community respiration (the P/R ratio). The 
relative dominance (as biomass) of the general macroinvertebrate functional 
groups--shredders, collectors, scrapers (grazers), and predators (Merritt 
and Cummins 1978)--is also expected to change as stream order increases. 


Elevation will give the user further information on a physical 
description of the reach. When elevation, longitude, and latitude are given 
(with some basic knowledge cf ecology) one can often make some 
generalizations about the reach. Although the temperatures associated with 
elevation, rather than elevation per se, may be the limiting factor, 
elevation is related to floral and faunal distribution. Elevation will be 
obtained directly from the Reach File. 


Gradient, the degree of deviation from the horizontal, can be a limiting 
factor for fish species. It also indicates other factors such as stream 








velocity and substrate. Several existing classification systems incorporate 
gradient (Platts 1974; Rabe and Savage 1977; Terrell et al. 1980; USDA 
Forest Service n.d.). Prosser (1978) suggests gradient as inportant data 

in the management of fisheries. This information will be calculated by the 
Reach File using the elevation of the upstream and downstream boundaries of 
the reach and the reach length. 


Substrate influences both the fish and invertebrate populations ard has 
been used in a number of classification systems (Ricker 1934; van Deusen 
1953; Stream Classification Committee 1965; Rabe and Savage 197/; Cowardin 
et al. 1979; Warren 1979). Allan (1975) states that substrate ajoears to 
be one of the most basic aspects of the stream habitat. Cummins (1962) 
indicates that the relationship between benthic invertebrate distribution 
and the nature of the substrate can be direct or indirect; the indirect 
relationship is often due to the food material distribution which itself 
is dependent on substrate. When the stores are larger, indicating a more 
heterogeneous substratum, generally the invertebrate fauna is more diverse 
(Hynes 1970). Rabeni and Minshall (1977) found substratum correlated with 
the amount of colonization of benthic insects. Substrate is an important 
factor in the use of a reach for fish reproduction. Platts et al. (1979) 
found that spawning chinook salmon (Oncorhyncus tshawytscha) selected 
sediment having a geometric mean particle size mainly in the range 7-20 mm, 
regardless of stream selected. 





The substrate data are to be obtained from STORET and include aravel 
(2 mm and larger), very coarse, coarse, medium, fine, and very fine sand, and 
Silt-clay (0.0625 mm and smaller). These data are incomplete and it is 
Suggested that the classes pebble, cobble, and boulder be added and silt and 
clay be divided into two separate classes as in Cummins (1962). Bedrock and 
organic content of the substrate should also be included as categories. 


Width and depth are parameters which are easily obtained and describe 
the stream, Stream width is significantly related to trout biomass 
(Binns 1978). Other classification systems incorporating stream width and 
depth include Ricker (1934), Van Deusen (1953), Pennak (1971), and 
Platts (1974). USDA Forest Service (n.d.) includes a width-depth ratio in 
their system. 


Velocity is an important parameter in determining the distribution of 
fish and other aquatic organisms. Rate of flow directly affects organisms 
and is interrelated with a variety of other factors such as substrate, 
bedload, suspended sediments, sinuosity, aquatic vegetation, temperature, 
and oxygen content. Velocity is routinely measured and reported and will be 
obtained from STORET. Stalnaker and Arnette (1976) state that velocity 
is a Significant factor in both habitat selection and the spatial 
relationship of fish. Larger fish of a given species generally are found 
in the swifter waters because smaller individuals cannot maintain position, 
sams and Pearson (1963, cited by Stalnaker and Arnette 1976) consider 
current velocity the most important factor in the spawnina of anadromous 


+ +o 


Salmonids, ytalnaker and Arnette (1976) include a tabl: tne reported 

















fish spawning depth-velocity criteria. Velocity is also important to the 
distribution of aquatic invertebrates. Some invertebrates have certain 
velocity requirements for respiration or feeding (e.g., species of 
Plecoptera [stoneflies], Simulium [black flies] larvae, trichopteran 





[caddisflies] species which construct silken nets). Scott (1958) concluded 
that velocity was the most important parameter in determining the 
distribution pattern of trichopteran larvae. Depth-velocity criteria for 
aquatic insects are listed by Stalnaker and Arnette (1976). Hynes (1970) 
concluded that “current speed is a factor of major importance in running 
water, and that it controls the occurrence and abundance of [benthic 
invertebrate] species and hence the whole structure of the animal community”. 


Flow (discharge) is a parameter vital to the well-being of aquatic 
organisms and their habitat (Tennant 1975). Binns (1978) found that late 
Summer Streamflows and seasonal streamflow variation are significantly 
related to trout biomass. Flow was also recommended as data needed to 
manage fisheries (Prosser 1978). Average flows will be given for the 
periods April-June, July-September, October-December, and January-March. 
Low and peak flows will also be given, when available. As a guideline for 
interpretation of these data, where available, the documented instream flow 
requirement will be given. See Prewitt and Carlson (1977) and Wesche and 
Rechard (1980) for discussion and analysis of various instream flow 
methodologies used to determine minimum flow requirements. 


A pool-riffle ratio gives an indication of the suitability of the 
habitat for fish species. Although pools are important as nesting areas and 
cover for fish, food production in the form of benthic macroinvertebrates is 
often greatest in the riffle areas (Usinger 1974). For example, Rabeni and 
“Minshall (1977) found 31 percent more aquatic benthic insects in the riffles 
than in the pools. Hynes (1970) states that the macroinvertebrate fauna 
of clean stony runs is generally higher in species richness than that of 
Silty reaches and pools. There are circumstances, of course, in which these 
generalities do not hold. However, to produce good fish populations there 
must be a balance between the two habitats because riffles tend to produce 
food and pools produce cover for fish. Duff and Cooper (1976) state that 
generally the optimum stream is equally divided (50-50) in surface area 
between pools and riffles. These data will be obtained from the State fish 
and game departments. 


Temperature is included as a descriptor because it is an important 
factor limiting the distribution of species both geographically and within 
a Stream. Different species have different temperature ranges within which 
they can survive. for example, pike (Esox lucius) survive to about 29°C 
while brook trout cannot survive in temperatures above 25.3°C (Hynes 1970). 
These are the temperatures at which the fish can survive; however, at lower 
temperatures they most likely are limited in other activities such as 
feeding or reproduction. Water temperature can affect growth, larval and 
egg development, feeding, Swimming endurance, and reproduction. If the 
temperature is inadequate for breeding, this information may lead to a 
Stocking program. The information on temperature regime is particularly 
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Spawning or nursery habitat and fish contamination are two of the 
criteria used in the evaluative statement. Consequently, a list of 
seasonally present species which use the river reach as a spawning or 
nursery habitat will be included in the Statement. The pollutants which 
limit or prohibit consumption of fish, and the species of fish restricted 
by the pollution will also be !isted. 







For those river reaches bordered by wetlands, the length of the reach 
which is bordered and the area of the wetlands bordering the reach will 
be included. Wetlands (see glossary) are included because they are important 
habitats and they often provide habitat and food to the riverine organisms. 
Waterbodies such as backwater swamps and pools, which periodically are in 
contact with rivers, supply plankton to the rivers, are used aS spawning 
areas by some fishes, and are nursery grounds for many others (Hynes 1970). 
Northern pike, for example, often use marshes as spawning habitat (Carlander 
1969). Wetlands also provide habitat for a variety of nonfish species. 
These wetlands are often dependent on the adjacent river for a water supply. 
The U. S. Fish and Wildlife Service is conducting a national wetlands 
inventory from which pertinent information will be obtained. Information 
will also be obtained from States which have mapped wetlands. 



























Short (1981) found that users of the Stream Evaluation Maps produced by 
the U. S. Fish and Wildlife Service requested more specific information 
on endangered and threatened species such as which threatened and endangered 
species exist in the reach and whether or not the river reach is critical 
habitat. They also recommended consideration of both plant and animal 
species. These suggestions have been incorporated in the descriptor section 
of the Statement. Consequently, other aquatic threatened and endangered 
species whose critical habitat or present range includes the river reach, 
and other State aquatic species of special concern, also will be listed. 


Under “other considerations", designations of the river reach such as 
Wild and Scenic Rivers or State scenic rivers are given. This information 
has been included because it immediately conveys certain information about 
the river. For example, the Wild and Scenic Rivers Act (Public Law 90-542) 
established three classes of rivers--wild, scenic, and recreational. The 
Act states, 


Wild rivers are those rivers or sections of rivers that are free 
of impoundments and generally inaccessible except by trail, with 
watersheds or shorelines essentially primitive and waters 
unpolluted. These represent vestiges of primitive America. 
Scenic rivers are those rivers or sections of rivers that are 
free of impoundments with shorelines or watersheds still largely 
primitive and shorelines largely undeveloped but accessible in 
places by roads. Recreational rivers are those rivers or sections 
of rivers that are readily accessible by road or railroad that 
Nay have some development along their shorelines, and that may 
have undergone some impoundment or diversion in the past. 





These rivers are so designated because they, 


-eeWith their immeaiate environments possess outstandingly 
remarkable scenic, recreational, geologic, fish and wildlife, 
historic, cultural, or similar values, should be preserved in 
free-flowing condition, and that they and their immediate 
environments should be protected for the benefit and enjoyment 
of present and future generations. 


lf a river has received a designation as a Wild and Scenic River it has met 
the above criteria. The other designations to be considered also have 
specific criteria which must be met. 
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GLOSSARY 


catchables - Fish whose length meets or exceeds the State minimum size 
requirement. 


conservation of the species - To use and the use of all methods and 
procedures which are necessary to bring any endangered or threatened 
Species to the point at which the measures provided pursuant to the Act 
are no longer necessary (U. S. Fish and Wildlife Service 1980a). 


critical habitat - (1) the specific areas within the geographical area 
occupied by a species at the time it is listed in accordance with the 
Endangered Species Act, on which are found those physical or biological 
features, (i) essential to the conservation of the species and (ii) which 
may require special management considerations or protection, and 
(2) specific areas outside the geographical area occupied by a species 
at the time it is listed upon a determination by the Director of the 
Office of Endangered Species that such areas are essential for the 
conservation of the species (U. S. Fish and Wildlife Service 1980a). 


fingerlings - A length designation for immature fish; from 1 inch long, or 
disappearance of yolk sac, to whatever size is attained at the end of 
the first year's growth (Pennak 1964). 


frequently stocked population - A population which is stocked on an annual 
basis or more often. 


fry - Immature fish less than 1 inch long or retaining the yolk sac. 


infrequently stocked population - A population which is stocked less often 
than annually. 


relative productivity - A comparison of the actual prody* »f the 
dominant sport fish in the reach to a regional standard tur that species. 


river reach - That portion of a river or stream which extends downstream 
from the confluence of two rivers or streams (or from the uppermost end 
of a river or stream) to the next encountered confluence; any 
subdivision of such a portion is also considered a reach. Reaches end 
at the beginning of tidal influences and do not include reservoirs. 
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self-sustaining population - A population which will maintain a sport 
fishery with basic enforcement of fishing regulations and habitat 


protection. 


Sport fish - A fish species for which a State has set a legal bag limit for 
a conventional fishing license. 


subcatchables - Fish whose size is less than the minimum required by the 
State but greater than | year’s growth. 


wetlands - Most wetlands have one or more of the following attributes: 
(1) at least periodically the land supports predominantly hydrophytes; 
(2) the substrate is predomiscntly undrained hydric soil; and (3) the 
Substrate is nonsoil and is saturated with water or covered by shallow 
water at some time during the growing season of each year (Cowardin 


et al. 1979). 





APPENDIX A 
SUMMARY OF COMMENTS 


A copy of the draft report was sent to the fish and game department and 
the water pollution control agency of each State. Thirty-eight State 
responses were received, twenty-seven of which were from fish and game 
departments. (See a list of respondents at the end of this Appendix.) In 
addition, written comments were received from 11 individuals in EPA, FwS, 
Council on Environmental Quality, the Ohio River Valley Water Sanitation 
Commission, and from three consultants. A wide variety of comments were 
received; some agreed or disagreed with the overall! methodology or offered 
no substantial criticism while others offered specific criticisms of various 
components. Often the opinion of one respondent was directly opposed to 
that of another. A summary of these comments follows. 


GENERAL C.MMENTS 


Sixteen respondents stated they were in general agreement with the 
concept or methodology presented in the draft. Three others commented the 
system would be beneficial and is a system for which they would haye a use. 
Favorable comments included “the standardized and easily-accessible 
information which the system proposes to provide for each river reach could 
be a valuable aid to planning, especially for federal agencies," “we 
recognize the need for developing ‘A Standardized Method for Classifying the 
Status and Type of Fisheries’ as proposed,” and “it will be beneficial and 
will accomplish its intended purpose.” Two States indicated that they would 
have no use for it. One respondent said a nationwide system may be 
undesirable. It was stated that a logical justification for the need for a 
nationwide stream classification system should be included. 


Four States emphasized that it was the State's prerogative to manage 
the fishery and thought it was inappropriate for the Federal Government to 
interfere without the State's consent. Two States also believed that the 
management objectives of the States were not taken into account. four 
States questioned the desirability of meeting the objective of minimizing 
State-to-State variability. 


One comment was made that a greater emphasis should be placed on the 
particular species making up the fishery. It was further suggested that 
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rather than “developing an overly simplistic and rigid point system, the 
data base should provide key information with which the cublic agencies and 
public at large can see the tradeoffs in any future planning or management 
decision." One respondent thought that more emphasis should be placed on 
the descriptive statement because the evaluative section has a dearee of 
uncertainty. Another respondent stated that the emphasis should be on water 
quality and fish forage production for the benefit of downstream fish. The 
opinion of one respondent was that the importance of the stream reach as a 
Sport fishery as evaluated by this system was based on subjective 
professional opinio:. 


Two respondents stated the system does not accurately classify the 
Status and type of fishery; however, one respondent thought that it does 
seem valuable as an index for evaluating the fish habitat. Another 
commenter remarked that the system is feasibie for qualitatively classifying 
types of fisheries. The question of how the system will be used was asked 
by two respondents. Three respondents stated that sport fish are not 
necessarily more sensitive to pollutants than nonsport fish species. 


DATA AVAILABILITY 


Seven respondents questioned the availability of data. However, a 
State respondent commented that the system “would not require an excessive 
number of man-days to conduct." Another comment was that “systems 
containing complete information on all trophic levels were deemed unusable" 
and cautioned ayainst “making categorizations on inadequate data which might 
not withstand formidable opposition.” Three inquiries were made as to who 
will be responsible for data collection and interpretation. Two commenters 
Suggested that other sources of data be included. 


CRITERIA 


One respondent commented that the choice of evaluation factors in 
disregarding many descriptors seemed arbitrary. Three respondents believed 
that some indirect nonbiological factors which are components of the value 
of the fishery such as accessibility should be taken into account. Other 
nonbiological factors suggested for incorporation include aesthetics, 
fishing use, unusual ecosystems nearby, proximity to urban areas, and degree 
of disturbance. Two requests were that there be some indication of quality 
of fish (i.e., size, species) or fishing quality. Three suggestions were 
that species be scored differently based on human preference. According to 
three respondents some form of productivity should also be included. A 
comment was made that some evaluator of the habitat in addition to the sport 
fish would provide a more reliable classification. Also, it was expressed 


that a stream contributing forage fish to a lentic environment should rate 
high even without its own sport fishery. Two recommendations were made that 
tne system give points to a reach for having a number of sport fish species. 








Biomass Ratio 





Seventeen respondents expressed resistance to using the biomass ratio 
because they believed that lower production waters could and often would 
receive a higher score than highly productive waters or the ratio was not 
indicative of the quality of the fishery. Three respondents indicated the 
ratio would be of some value provided data are available. Whether the 
nonsport fish are competing with the sport fish or if they are providing 
forage food was considered more important by two respondents than a biomass 
ratio. 


Sport Fish Categories 





Conflicting recommendations for categorizing fish species were made. 
Three comments were in favor of combining self-sustaining native and 
introduced fish species, but another strongly advised combining these two 
categories only if the fish were stocked. It was also suggested by three 
respondents that introduced and native species be combined regardless. Two 
recommendations were made that self-sustaining populations not be 
differentiated from hatchery supported populations. Another suggestion was 
to score native species the highest whether a sport fish species or not. 





Multiplier 








It was noted that with the multipliers a stream reach with three 
species could score lower than a reach with only one and a reach with three 
native species scores no higher than a reach with only one. 


Spawning or Nursery Habitat for Migratory Species 





One respondent questioned weighing spawning and nursery habitat 
equally; it was believed that if spawning habitat was a more limiting factor 
it should score more. Three respondents advised that spawning habitat for 
resident species be included. 





Migratory Route 
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Two comments were made that “migratory species” and “miaqratory 
need clerification. ne respondent noted that usually more than one 


? 


igratory species will be present; consequently, the score differentia! 


would not be meaningful. 


ommercial Harvesting 








Three comments were received that commercial fishing is not necessarily 
biologically determined; it may be a function of legislative constraints or 
PCONOoOmMIcs. It was also stated that commercial fishina iv only be allowed 
in “poorer quality” streams with rough fish. Tw jqgestions wer 
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One request was that additional points be given if more than one species 15s 
harvested. 


Fish Contamination 





A response was received that the contamination scoring should be more 
spread out. Two respondents conmented that points should not be ad ‘ed for 
non-contamination. It was suggested that another category, “contamination 
present; consumption not limited” be included. Also, it was recommended 
that pollution be “ordered” by three levels of direct toxicity (chronic, 
sporadic fish kills, sport fish productivity limited by water quality). It 
was suggested that fish tissue organochlorine residue be compared to NAS/NAE 
(Bluebook) criteria to determine if the levels could threaten the well-being 
of the fish. 


Threatened and Endangered Species 





Three persons believed that threatened and endangered species were 
scored too low. According to one respondent, if more than one endangered 
Species is present additional points should be given. Another comment made 
was that Lhreatened and endangered species have little to do with the 
fishery value. Two requests were made to include State threatened and 
endangered species. It was suqgested that threatened and endangered species 
be moved to special or unique considerations because they are a biological 
fact. 


SCOR ING 


Fight comments were made that the scoring scheme incorrectly rates 
certain fisheries and compromises the value of many valuable fisheries. Six 
respondents had strong concerns that a State's streams would not score as 
high as the State would deem acceptable. Furthermore, three commenters were 
concerned that a low score would encourage development and degradation of 
the stream or river. Three suggestions were made to omit scoring entirely, 
or at least extensively revise it. The scoring was seen by one commenter as 
ranking by economic and legal considerations. A suggestion was that a 
single criterion bring the reach near the highest ranking. Grouping scores 
into excellent, good, and so forth was also criticized. Three respondents 
thought that manipulation of the score should not be allowed; however, a 
suggesticn that users be allowed to devise their own scoring scheme was also 
ade. A cuggestion was made that verbal descriptors be used to form an 
evaluation wetrix of “outstanding” through “severely degraded,” then each 
reach could be +ated on each criterion and a numerical system developed fro 


rnis. 


According to one commenter the scoring system does not consider the 
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ial of the fish population to improve. Three respondents stated 
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that the scores are comparable only on a regional basis. Also, one 
respondent indicated that a regional normalization should be applied to the 
raw score. One person cautioned that while rerating a reach with more 
information was acceptable, adding criteria would require redoing all the 
reaches. Another commented that it is difficult to apply a system nationwide 
and obtain a valid rating for every water. 





IMPROVEMENT POTENTIAL 


Two respondents stated they generally agreed with the concept of a 
fishery potential. Another opinion stated was that the fisherv potential is 
needed but is highly subjective. However, another State respondent stated 
that the fishery potential is inseparable from fishery management goals, and 
questioned the need for it. It was suggested that the primary limiting 
factors also be included. A commen: was made that it is quite likely that 
some reaches could not be improved to equate with the hichest ranking reach. 


CONFIDENCE RATING 


The confidence rating was highly approved of by the two respondents who 
commented on it. 


DESCRIPTORS 


One respondent indicated that the descriptors should automatically 
accompany the evaluative section. Descriptors also should be of neutral 
value, with the interpretation left up to the user. Another comment was 
that most of the descriptors have nothing to do with biological integrity. 
Also, the report should address how the system is to deal with variable 
parameters such as temperature and velocity. 


The following were suggested as additional descriptors: 


bedrock and organic content in the substrate descriptor; 
navigability; 

period of ice- and subsequent scouring; 

pH; 

effects of dams; 

duration of terperatures over 72°F (22°C); 

for Western States the range, township, and section; 
note if the reach is in a nationa! forest or national park; 
channel alterations; 

rate and trend of sediment deposition, 

benthic data; 

Stability or rehabilitation potential; 

quality and extent of floodplain development, 











recreational value; 


type of fishery (warmwater, coolwater, coldwater); and 


® agricultural, municipal, or industrial threats to the strean 


reacn. 


STATE RESPONDENTS 


Alabama Department of Conservation 
and Natural Resources 

Fisheries Section 

C. E. White, Assistant Chief 


Alaska Department of tish and 
Game 
Ronald 0. Skoog, Commissioner 


California Department of Water 
Resources 

Division of Planning 

Douglas E. Owen, Chief 


Colorado Division of Wildlife 
Jack R. Grieb, Director 

P. T. Barrows, Wildlife Manager 
van Schrupp? 


Delaware Department of Natural 


fesources and Environmental Contro! 


Division of Fish and Wildlife 
Roy W. Miller, Supervisor of 
Finfisheries 


‘lorida Department of Environmental 
Regulation 

Bureau of Water Analysis 

ae Ue Thabara}j, Ph.D... Chief 


tlorida Game and Fresh Water Fish 


Lommission 
JVivision of Fisneries 
>. Banks, irector 
ttende tne tecny review f 


Hawaii Department of Land and 
Natural Resources 

Division of Fish and Game 

Kenji Ego, Director 


idaho Department of Fish and Game 
Jerry M. Conley, Director 


Illinois Department of Conservation 

Division of Fish and Wildlife 
Resources 

Mike Conlin, Chief 


lowa Department of Environmenta] 
Quality 

Planning Section 

Ralph Turkle 


lowa Conservation Commission 
Robert D. Fagerland, Acting Director 


f ansads ' sn and 3d! = 
. Strear Investigation 
and Development Biologist 


Ken Brunson 


laine Department of Inland Fisheries 
and Wildlife 

‘a 
mn iH, Manuel, mmissioner 





Massachusetts Division of 
Fisheries and Wildlife 

Dave Halliwell, Project Leader: 
Stream Survey and Inventory 


Michigan Department of Natural 
Resources 

Fisheries Division 

Thomas R. Doyle, Environmental 
Protection Specialist 


Michigan Department of Natura! 
Resources 

Biology Section 

Carey Johnson, Aquatic Biologist 


Montana Department of Health and 
Environmental Science 

Water Quality Bureau 

Steven L. Pilcher, Chief 


Montana Department of Fish and 
Game 
Fletcher E. Neuby, Acting Director 


New Hampshire Water Supply and 
Pollution Control Commission 

Permits and Surveillance 

Paul L. Heirtzler, P.E., Director 


New Jersey Department of 

Environmental Conservation 
Division of Water Resources 
Robert Runyon, Chief 


New Jersey Department of 
Environmental Protection 

Division of Fish. Game and Wildlife 

Russell A, Cookingham, Director 
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New Mexico Environmental 
Improvement Division 

Water Pollution Control Section 

Gerald Z. Jacobi, Ph.D. 


New York Department of 
Environmental Conservation 
Division of Fish and Wildlife 

Kenneth F. Wich, Director 


North Carolina Wildlife Resources 
Commission 
Scott Van Horn, Fishery Biologist 


North Dakota Game and Fish 
Department 

Fred Ryckman, Garrisor Diversion 
Unit Biologist 


Oklahoma Department of Wildlife 
Conservation 
George B. Wint, Director 


Oregon Department of Fish and Game 
Environmental © iagement Section 
Office of the .ector 

James B. Haas, chief 


Pennsylvania Department of 
Environmental Resources 

Bureau of Water Quality Management 

Division of Water Quality 

Edward R. Brezina, Chief 


Pennsylvania Fish Commission 
Ralph W. Abele, Executive Director 








South Carolina Wildlife and Marine 
Resources Department 

District VII 

Dan Crochet, Biologist 


Texas Department of Natural Resources 

Water Resources 

Municipal Waste Water and Water Use 
Section 

Michael G. Dick 


Texas Parks and Wilalife Department 
Charles D. Travis, Executive 
Director 


Utah Division of Wildlife Resources 
Douglas F. Day, Director 


OTHER RESPONDENTS 


Council on Environmental Quality 
Environmental Data and Monitoring 
John Ficke, Senior Staff Member 


Environmental Protection Agency 
Monitoring and Data Support 
Robert Korn? 


Environmental Protection Agency 
Region VIII 
Loys Parrish, Aquatic Biologist 


Environmental Protection Agency 

Region VIII 

Denis Nelson, Research and 
Development Representative 


West Virginia Department of Natural 
Resources 

Division of Wildlife Resources 

Robert L. Miles, Chief 


Wisconsin Department of Natural 
Resources 

Water Quality Evaluation Section 

Joe Ball, 8iological Coordinator 


Wisconsin Department of Natural 
Resources 

Inland Fisheries Section 

David Ives, Chief 


Wyoming Game and Fish Department 
W. Donald Dexter, Assistant Director 
Mike Stone3 


Environmental Protection Agency 
S & A Division 

Ecology Branch 

L. B. Tebo, Jr., Chief 


Environmental Protection Agency 

Western Region Laboratory and 
Environmental Center 

H. Ronald Preston, Chief Aquatic 
Biologist 


Ohio River Valley Water Sanitation 
Commission 

John L. Keyes, Senior Surveillance 
Specialist 


Soil Conservation Service 

Fred Theurer (with Instream Flow 
. 2 
Group)? 





Soil Conservation Service Consultant 


David Chalk (with Rocky Mountain Oregon State University 
Forest and Range Experiment Department of Fisheries and Wildlife 
Station) Dr. Kenneth W. Cummins 
U. S. Fish and Wildlife Service Cons lI tant 
Columbia National Fisheries and Arizona State University 
Research Laboratory Zoology Department 
Christopher J. Schmitt? Dr. Stuart G. Fisher3 
U. S. Fish and Wildlife Service Consultant 
Office of Biological Services-- University of Colorado 
Portland, Oregon EPO Biology | 
Robert Cleary? Dr. Robert W. Pennak? 
U. S. Fish and Wildlife Service Consultant 
Western Energy and Land Use Team University of Idaho 
Ken Burnham, Team Biometrician Department of Biological Sciences 


Dr. Fred Rabe 


U. S. Fish and Wildlife Service 
Western Energy and Land Use Team 
Lee Ischinger 
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APPENDIX B 


ABSTRACTS OF PERTINENT STREAM CLASSIFICATION SYSTEMS‘ 


Anderson et al. (1976). A land use and land cover classification system 
for use with remote sensor data. 








A mapping of the United States was proposed using remote sensory data 
(i.e., aerial photographs) dividing the aquatic ecosystem into five 
categories: streams and canals, lakes, reservoir, bay and estuaries, and 
wet lands. 


Anonymous (1967). Michigan stream classification, 1967 system. 





Streams were divided into two major types, trout streams and warmwater 
Streams. Within each of these were subtypes, mainstream and feeder streams. 
The quality of the streams was described as either top quality or second 
quality. Criteria used in the classification were fish species (trout or 
Salmon versus warmwater species), fish population levels, and stream width. 
Also designated were streams or rivers with significant populations of 
anadromous trout or salmon and the degree of stream zone development. 


Bailey et al. (1974). Stream classification system for West Virginia. 





The classification system for West Virginia was based on four factors. 
The factors, in decreasing order of importance, were aesthetics, eccess, 
use, and productivity. Each factor was rated numerically from 1 to 5 then 
weighed according to its importance to the production of a coldwater 
fishery. In the categories use and access the highest rating was assigned 
to moderate fishing pressure and moderate accessibility, respectively. 
Productivity was based on nine parameters which were weighed (pH, water 
temperature, total alkalinity, invertebrate abundance, turbidity, total 
hardness, conductivity, phosphates, and nitrates). The highest score was 
assigned to those conditions optimal for coldwater fish. After each factor 
was rated and multiplied by its weighing factor, the scores were summed and 
the stream was classified between Class 5 coidwater fishery of multi-State 
importance) and Class 1 (stream unsuited for coldwater species). 





‘citations are included with the references for the text. 


hy | 
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Carleton et al. (1976). Modified ECOCLASS - a method for classifying 
ecosystems. 








ECOCLASS was a method for a hierarchical classification of ecosystems 
(the authors did not advocate the aquatic system for immediate operational 
use). The part of the system that adddressed the lotic environment first 
divided streams by stream order. The next level used the following 
criteria: gradient, pool-riffle ratio, inflow-outflow, and floodplains. 
Other data to be collected included fish species composition and population 
levels, fish stocking, diversity index for invertebrates, fish yield, 
aquatic vegetation (kind and abundance), sediment, transport, stream 
discharge, flow duration, and temperature. 





Cowardin et al. (1979). Classification of wetlands and deep-water 
habitats of the United States. 








This classification system dealt with wetlands and deepwater habitats. 
The riverine system had four subsystems: tidal, lower perennial, upper 
perennial, and intermittent. These subsystems were divided into classes 
based on substrate material and flooding regimes. At the lowest level was 
the dominance type which was based on the dominant plant or animal forms. 


Cummins (1975). The ecology of running waters; theory and practice. 





Flowing waters were categorized into three groups based on stream 
orders; orders 1-3, orders 4-6, and orders 7-12. Each group had general 
characteristics associated with it. The characteristics considered were 
Stream size, the relationship between heterotrophy and autotrophy, organic 
matter inputs of terrestrial origin, primary production, light regime, 
temperature regime, and sediments. 


Greentree and Aldrich (1976). Evaluating stream trout habitat on 
large-scale aerial color photographs. 








Large-scale aerial color photographs were used to evaluate trout 
habitat. Photos were used to determine instream and streambank conditions. 
On properly exposed color photographs (1:1584 scale) the interpreter could 
readily discern the form, shape, and color of instream and streambank 
features. Some conditions such as average size of stream bottom aggregates, 
depth of water, streambank heights, and heights of streambank vegetation 
were estimated using special measuring aids. 


Horton (1945). Erosional development of streams and their drainage 
basins. 





In this paper the concept of stream order was developed. Fingertip 
streams or unbranched tributaries were designated first order streams, 
second order streams were those which only received first order streams. 
Those streams receiving second or first and second order streams were third 
order streams, and so forth. 


5] 











Idaho Fish and Game Department (1968). Idaho stream classification. 





A stream classification system was designed to establish fishery values 
for stream sections within Idaho. Five classes of streams were established 
based on the following five factors: aesthetics, availability, use, 
productivity, and size. A Class 1 stream was a stream rated highest in 
three of the five categories or streams which had anadromous fish 
populations, endangered or unique species, or containing spawning areas 
vital to an important fishery. The lowest ranking streams, Class 4 streams, 
were rated very low in one or more factors. Unclassified streams were 
placed in Class 5. 


Knight and Gaufin (1967). Stream type selection and associations of 
Stoneflies (Plecoptera) in a Colorado river drainage Das ins, 
agee-* 

A stream classification system Frage Oe son River drainage, 
Colorado was used based on the stoneriy (Plecoptera) fauna. Five main 
divisions were found: teWrary or snow flood streams, small stony streams 
(high--above 2.a¥@8 ft and low--below 3,000 ft), stony rivers, constant 
rivers, a3@@ sluggish rivers. 








@ 
Le ae (1969). Quantitative comparison of some aesthetic factors among 
rivers. 








A system was devised to quantitatively compare the aesthetics of 
rivers. The three types of factors considered were physical features, 
biologic features, and human interest factors. The philosophy underlying 
the system was that a landscape which is unique (i.e., different from others 
or uncommon) has more significance to society than a landscape which is 
common. 


Pennak (1971). Toward a classification of lotic habitats. 





A system was designed to classify lotic habitats which would be 
applicable on a worldwide basis. Using the reasoning that widely separated 
streams and rivers having very similar nonbiologica! features will usually 
have parallel and ecologically similar faunas, the system was based 
primarily on physical and chemical features. The 13 parameters used were 
width, flow (temporary or permanent), current speed, substrate, sunmer 
temperatures, winter temperatures, turbidity, total dissolved inorganic 
matter, total dissolved organic matter, water hardness, dissolved oxygen, 
rooted aquatics, and streamside vegetation. The system was intended to be 
used primarily for unpolluted streams and small to medium rivers. A 
distinction was also made between “normal” streams and rivers, for which 
this system was designed, and atypical and special lotic conditions. 


Pennak (19/8). The dilemma of stream classification. 





The lotic classification system divided U.S. streams into two main 
groups: distinctive lotic habitats which have relatively homogeneous and 











constant features, and indistinctive habitats which are highly variable and 
hence defy practical classification. Seven types of distinctive habitats 
given were springbrooks, tundra brooks, mountain trout streams, sandy 
Streams and rivers of the Great Plains, medium to large silted rivers, 
sewage pollution stretches, and irrigation ditches. The indistinctive lotic 
habitats include intermittent streams, desert streams, streams traversing 
agricultural lands, meadow brooks, canals, and others. It was suggested 
that the criteria listed in Pennak (1971) be used in classifying all 
indistinctive waters. 


Pfankuch (1975). Stream reach inventory and channel stability 
evaluation. 








The stated purpose of this system designed for the Forest Service was 
to “systemize measurements and evaluations of the resistive capacity of 
mountain stream channels to the detachment of bed and bank materials and to 
provide information about the capacity of streams to adjust and recover from 
potential changes in flow or increases in sediment production." The channel 
Stability was evaluated using a variety of parameters such as bank 
Stability, debris jam potential, and channel bottom information. The system 
was intended to allow measurement of management success. 


Platts (1979a). Including the fishery system in land planning. 





The streams in the study area in Idaho were found to be associated with 
one of four landtype associations at the geomorphic process level. The four 
types were glaciated, cryric, fluvial, and depositional. In the 
depositional landtype association, streams were further stratified by 
categorizing their association into two subgroups based on whether ice or 
water had deposited the soils within the association. The system related 
the geomorphic characteristics of landform to streams and fisheries. 


Rabe and Savage (1977). Aquatic natural areas in Idaho. 





Nonvariable physical characteristics were used to classify Idaho 
Streams. Streams were first categorized into two groups using stream order: 
first through fourth order, and fifth order and higher. Five stream 
Subtypes for orders 1-4 were based on observable differences in flow and 
gradient. The five subtypes were ephemeral streams, spring streams and 
three other types which were based on nature of flow, substrate, and 
gradient. These physical categories were differentiated partially on the 
basis of extensive biological collections, including macrophytes, 
invertebrates, and fish, which indicated different associations for each 
permanent stream type. Associations of plants and insects were found to 
correlate fairly well with stream type but not with other physical or 
chemical factors. 











Ricker (1934). An ecological classification of certain Ontario streams. 





Streams were classified into two main groups, creeks and rivers, based 
on volume of flow and width. Creeks were broken down into spring creeks and 
drainage creeks. Spring creeks had four subtypes based on substrate, 
discharge, and vegetation. Rivers were ciassified into trout streams and 
warm rivers. Further divisions were made on the basis of substrate, 
discharge, vegetation and other biota, and water hardness. 


Schummn (19603). A tentative classification of alluvial river channels. 





Streams were classified on the basis of sediment load. Nine subclasses 
were developed on the basis of channel stability (<table, eroding, 
depositing) and the dominant mode of sediment transport (suspended, bedload, 
mixed). 


Strahler (1957). Quantitative analysis of watershed geomorphology. 





This classification scheme was a modification of the system of stream 
order, developed by Horton (1945). The smallest fingertip tributaries were 
designated order one: where two first order streams join, a second order 
channel was formed. A third order stream was formed when two second order 
Streams met, and so forth. 


Streams Classification Committee (1965). A classification of Montana 
fishing streams. 








Montana streams were evaluated on the basis of the value of the sport 
fishery. The streams were divided into five classes ranging from streams of 
national or statewide value (Class 1) to streams of restricted local value 
or streams not yet classified (Class 5). The factors considered were 
availability (degree of access), aesthetics, use, and productivity. The 
primary considerations in rating productivity included width, depth, pools 
and riffles, gradient, cover, shore vegetation, boulders, spawning areas, 
temperature, fertility, fishfoods, and abundance of desirable fishes. 


Terrell et al. (1980). An aquatic classification proposed for use with 
the National Site Classification System. 








The riverine system of the U.S. was divided into five categories: 
tidal, lower perennial, upper perrennial, intermittent, and ephemeral. They 
were defined on the basis of water permanence, gradient, water velocity, 
substrate, and the extent of floodplain development. At the lowest level of 
the classification system a variety of physical and chemical characteristics 
were involved. 





USDA Forest Service (n.d.). Proposed classification and management of the 


ee eee 


Water System Corridor. 








The aquatic zone was divided into three types of streams (A, 8, C) and 
seven subtypes (1-7) based on hydrologic data (gradient, sinuosity ratio, 
width-depth ratio, dominant particle size, adjacent landform, degree of 
entrenchment, channel] stability, and sediment supply). Each criterion was 
divided into ranges to which points were assigned. The summed score 
determined the stream type and subtype. 


U. S. Fish and Wildiife Service (!978a-j). 1978 Stream Evaluation Maps. 





The Stream Evaluation Maps developed for 10 western states evaluated 
the fishery habitat of permanent streams, their tributaries, and those 
streams protected by or proposed for protection under the Wild and Scenic 
Rivers Act. Those intermittent streams considered necessary for the 
SuStenance of a highiy valued fishery were also evaluated. Streams 
classified were placed in one of four classes; Class 1 - highest-valued 
fishery resource, Class II - high-priority fishery, Class III - substantial 
fishery, Class IV - limited fishery. The four criteria used to classify the 
Streams were (1) occurrence of State or Federal endangered species; 

(2) occurrence of State or Federal Threatened species; (3) species of high 
interest to the State; and (4) habitat restoration, reclamation, or 
mitigation potential. Criterion 4 was only used in a few instances to 
upgrade or downgrade the overall! habitat evaluations when the rating for 
criteria ]-3 was less than the highest possible. Highest-valued streams 
were those with a documented presence of a State or Federal endangered 
species, a documented present occurrence of a State or Federal threatened 
species, or a habitat maintaining an outstanding fish population of a 
Species of high interest as defined by the State. A limited fishery 
resource had no endangered or threatened species and habitat that is not 
used or is sporadically or unpredictably used by species of high interest. 


Usinger (1974). Introduction to Aquatic Entomology. 





Streams of California were classified into eight groups based on biotic 
provinces. Each group was subdivided according to water permanence and 
water source. 


U. S. Water Resources Council (1977). Streams of National Significance for 
Fish and Wildlife. 








Riverine habitats of the United States were designated as being 
nationally significant for fish, wildlife, and endangered species. The 
factors used to classify the habitat as being nationally significant were 
(1) nationally important sport fishery; i.e., drawing a significant number 
of nonresident fishermen; (2) producing a significant anadromous fish 
resource; (3) producing a nationally important commercial inland fishery; 








(4) supporting endangered or threatened species; (5) proposed Wild and 
Scenic Rivers; (6) enacted Wild and Scenic Rivers; and (7) riverine habitat 
within the National Wildlife Refuge System. 


Van Deusen (1953). A simplified technique for classifying streams useful 
in fishery and related resource management. 








A classification system designed for Maryland streams divided stream 
reaches into classes based on the characteristic fish species. The 11 
classes were dace trickle, trout feeder, trout stream, sucker stream, bass 
feeder, bass stream, pickerel stream, bullhead stream, catfish stream, carp 
Stream, and tidal stream. Other factors used to describe the class included 
stream width and depth, water temperature, water quality, bottom substrate, 
flow, volume, characteristic forms, and shade and cover. 


wyoming Game and Fish Commission (1977). Wyoming stream fishery 
classification. 








The classification system of Wyoming streams was : ‘ to evaluate the 
value of the sport fishery. A Class 1 stream was one of national importance 
containing premium trout waters. Class 5 streams were lower production 
waters, often incapable of sustaining a fishery. To determine the 
appropriate class the streams were rated on aesthetics, availability, and 
productivity, multiplied by the weighting factors, 1, 2, and 4 respectively, 
and summed. 


Zhukinskiy et al. (1976). A araft unified system for the description of 
continental bodies of water and water courses and its application to water 
quality analysis. 











This classification system was proposed for universal use and included 
a wide variety and number of hydrologic, hydrochemical, and hydrobiological 
parameters. Hydrologic parameters consisted of river length, depth, 
discharge, velocity, transparency, and temperature. Hydrochemical 
characteristics included pH, color, percent oxygen saturation, 
mgN/liter, mgP/liter, organic carbon, and organic phosphorus. 


’ 


Hydrobiological information to be collected was number of species, totai 
abundance, biomass, and primary production of the phytoplankton, 
phytomicrobenthos, and macrophytes. Also to be included were data on 
macrozoobenthos, bacteria, and a biotic index. 
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